Present work comprises of synthesis various analogues of ciprofloxacin by introducing new functionality at carboxylic group position via ester aminolysis reaction. For this purpose the carboxylic group at C-3 was esterified and later subjected to nucleophilic attack at the carbonyl carbon by various aromatic amines. Structure of the analogues was confirmed by different techniques i.e. IR, 1 H NMR and mass spectrometry. The antibacterial activity of the derivatives was also assessed with the parent against a series of Gram-positive and Gram-negative bacteria. The synthesized compounds showed diverse antimicrobial profile among which most compounds possessed a comparable or better activity in comparison to the ciprofloxacin. Additionally unlike ciprofloxacin, some of the derivatives were also found to show antifungal activity.
Introduction
Fluoroquinolones have a very useful role in the treatment of many bacterial infections 1, 2 Ciprofloxacin (Figure 1 ), 1-cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-7-(l-piperazinyl)-3-quinolinecarboxylic acid (C 17 H 18 FN 3 O 3 ) is a broad spectrum antibiotic belongs to second generation of flouroquinolone. It inhibits DNA relplication, repair of bacterial DNA and RNA transcription of Gram negative and Gram positive cocci acting upon DNA topoisomerase enzyme 3 which eventually leads to blockage of bacterial cell growth. 4, 5 Advances in quinolone field are likely to provide better compounds capable of dealing with the resistant strains. These research efforts have been rewarded by very significant improvements in antibacterial potency as well as in vivo efficacy. Most of the quinolone antibacterial research has been focused on the functionality at C-7 position. 6 The structure activity relationship (SAR) reveals that the C-7 substituent is the most adaptable site for chemical change and is an area that determines potency and target preference. 7 During recent years a number of quinolones with substitution on piperazine ring at C-7 position of the basic structure of quinolones were synthesized. 8, 9 The hypothesis of this study was that new fluoroquinolone agents with a carbon-linked nitrogen-containing side chain at the C-7 of the quinolone-carboxylic acid nucleus may offer new insight into the structural-activity relation of the quinolone antibacterials. 10, 11 Because of the lack of data in the literature concerning analogues of quinolones at carboxylic position, to investigate the potential of 3-carboxylic quinolone derivatives as anti Gram positive and Gram negative agents, we have recently reported some novel levofloxacin, 12 enoxacin 13 carboxamide analogues. In extension of our previous work we are reporting here second generation broad spectrum azafluoroquinolone antibacterial agents, by introducing new functionality at carboxylic group position. These efforts on fluoroquinolone research have intensified their activity against Gram-positive organisms as well as on Gram-negative organisms.
The present study enlightens the synthesis, spectroscopic analysis (including IR and 1 HNMR), mass spectrometry and evaluation of biological activities of ciprofloxacin carboxylic derivatives carrying amino-containing aromatic ring. coupled to a P IV-PC and loaded with IR solution version 1.2 software (potassium bromide disks). The absorption peaks were recorded in frequency (cm -1 ). NMR spectra were recorded on Bruker FT -NMR 500 MHz with the compounds dissolved in deuterated methanol. Chemical shifts are reported in parts per million (δ) relative to tetra methyl silane as an internal standard. Significant 1 H NMR data are tabulated in the following order: multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; and m, multiplet); and number of proton(s). The mass spectra were recorded on Finnign-MAT212 under electron impact (EI) ionization condition. Thin layer chromatography (TLC) was performed on HSF-254 TLC plate and compounds visualized under UV lamp.
General Procedure for Preparation of Derivatives (3a-3j). Synthesis of various derivatives of ciprofloxacin was attempted with various aromatic amines i.e., aniline, toludine, o-aminophenol, 3'aminophenol, phenylenediamine, anisidine, α-naphthylamine, phenylhydraize, benzamide and phthalimide. Ciprofloxacin (0.01 moles) was added to the round bottomed flask containing 60 mL of methanol. 1 mL of sulphuric acid was added to the flask and the reaction was refluxed for about 7 -8 hours.
After the consumption of ciprofloxacin (examined by TLC) 0.01 molar solutions of aromatic amines (prepared in methanol) were added individually with continuous stirring and the reaction was again refluxed for about 2 -3 hours till completion, indicated by TLC. While for compound 3i and 3j NaOH was added in the methanolic mixture of benzamide and phthalimide and heat it afterwards they were added in the reaction flask containing ciprofloxacin ester intermediate. Reaction was again refluxed for about 2 -3 hours till completion. Thin layer chromatography was used to monitor reaction. The volume of the reaction mixture was then reduced by rotary-evaporation. The precipitates were filtrated off, washed with methanol-chloroform . Commercially available filter paper discs were soaked in the prepared drug and derivatives solution, dried and applied on the surface of solid culture media (Nutrient Agar), which had been streaked with standardized bacterial inoculums and incubated at 37 . Commercially available filter paper discs were impregnated with the prepared solutions of the drugs and its analogues, dried and applied on the surface of the agar plate over which a culture of micro organism was already streaked. After 24 hours of incubation the clear zone of inhibition around the disc was determined, this is proportional to the fungal susceptibility for the antimicrobial agent present in the disk.
1-Cyclopropyl-N-dioxo-phenyl-6-fluoro-4-oxo-7-(piperazinyl)-1,4-dihydro-3-quinoline Carboxamide (3j)
Ciprofloxacin and its derivatives were tested for antifungal activity against the fungi; Aspergillus purasiticus, Saccharomyces cervics, Candida albicans and Fusraium solani.
Result and Discussion
Spectral Analysis. On comparison of the IR spectra of the derivatives with ciprofloxacin revealed that the band at 3520 cm -1 in the ciprofloxacin spectrum, ascribed to the absorption of the carboxylic OH group was not detected in the spectrum of derivatives, indicating the consumption of carboxylic group in amide formation. However, the IR spectra of all the derivatives exhibit a new band in the region 3100 -3350 cm -1 which was allocated to the NH vibration of amide group. The carboxylic C=O absorption was shifted to the right at 1661 -1635 upon amide formation. While absorption of the ring C=O at 1625 cm -1 in the spectrum of ciprofloxacin was more or less same in the spectra of the derivatives. The 1 H NMR spectra of derivatives were similar to the ciprofloxacin spectrum except the resonance of acidic proton at 11.02 ppm which was absent in all derivatives spectra, showing the utilization of this moiety in amide formation. Along with the disappearance of carboxylic proton, all derivatives also showed a singlet in the region 7.9 -8.1 ppm which corresponds to the absorption of sec-amide. Reaction at carboxylic site of the ciprofloxacin showed a significant difference of the chemical shifts up to 0.5 -1 ppm of aryl protons in the spectra of all the compounds. The signals for the aliphatic and piperazinyl protons practically remained same as they were distant from the group modification site of the drug. Further signals corresponding to their respective chemical structure are mentioned in the spectral data.
The electron impact mass spectra (EIMS) of ciprofloxacin showed M + peak at m/z 331.54 which is also the base peak. All analogues, we aimed to synthesize showed comparable activity towards ciprofloxacin against all the tested strains. Results indicate that compound 3a was active against Bacillus subtilus and Shigella flexneri while the presence of electron donating group in the phenyl ring 3b also showed significant activity against Salmonella typhi, Escherichia coli, and Staphylococcus aureus. Introduction of OH group to aryl amine 3c showed respectable activity against Bacillus subtilus and Shigella flexneri. Compound 3e, bearing amino group on the phenyl substituent exhibited better activity against Corynebacterium hoffmannii, Pseudomonas areuginosa and Streptococcus pneumoniae. However, methoxy group modification to this primary amine 3f was of assistance to their antibacterial activities. Compound 3g have shown significant enhancements of potency against Corynebacterium hoffmannii and Streptococcus pneumonia. It is also meaningful to point out that formation of hydrazide at 3 postion 3h exhibited the highest activity against most of the Gram-positive strains tested, more potent than reference agent. Compound 3i and 3j showed drastically decrease in their activity against all the bacterial tested.
In the terms of structure-activity relationship, results suggest that the antibacterial activity profile against all bacterium was altered by addition of amino group in ciprofloxacin molecule. However, the alteration of substitution in amino ring also made marked differences in activity. It seems that expansion of activity is due to better interaction of molecule with target enzymes or for penetration into these bacteria.
Antifungal Activity. Ciprofloxacin is antimicrobial drug and inactive against fungi, only moxifloxacin and gatifloxacin showed activity against Candida specices 15 but in order to evaluate the result of addition of different functional groups to its basic structure, the antifungal activity of its derivatives was carried out against various fungi; Aspergillus purasiticus, Saccharomyces cervics, Candida albicans and Fusraium solani. It was found from the result that compounds 3c, 3g and 3h has got enhanced activity against Candida albicans and Fusraium solani. The compound 3a also showed moderate activity against Candida albicans. These consequences suggest that antifungal activity of analogues is probably governed by the functional group variation. It is evident that the phenyl attachment via amide linkage of ciprofloxacin has incorporated antifungal property in the drug.
Conclusion
Conclusively, we have described a convenient synthesis of some derivatives of ciprofloxacin through ester aminolysis. Development of bacterial resistance has led to the synthesis of newer and more potent quinolones. As detailed above, ten carboxamide analogues have been synthesized, characterized and evaluated for their biological activities in vitro in order to discover potent agents against Gram-positive bacteria and Gram negative bacteria.
It was observed that when an aromatic amino group was introduced to carboxylic side, significant enhancements of potency against organisms were achieved from the ciprofloxacin nucleus. Moreover some of the derivatives were also found to be antifungal which is unlike to parent drug.
